INTRODUCTION
In his paper The characters of reductive -adic groups [14] Harish-Chandra outlines his philosophy about harmonic analysis on reductive -adic groups. According to this philosophy, there are two distinguished classes of distributions on the group: orbital integrals and characters. Similarly, there are two classes of distributions on the Lie algebra which are interesting: orbital integrals and their Fourier transforms. The real meat of his philosophy states that we ought to treat orbital integrals on both the group and its Lie algebra in the "same way" and similarly, we should think of characters and the Fourier transform of orbital integrals in the same way. This philosophy has many manifestations (see, for example, Robert Kottwitz's excellent article [12] ). In this series of lectures, we will examine the various distributions discussed above and discuss one of the deepest connections between them: the Harish-Chandra-Howe local character expansion. Because of requests on the part of participants, I will spend much time reviewing the basics of -adic fields and discussing some of the uses of Moy-Prasad filtrations in the representation theory of reductive -adic groups. As such, at a small cost in terms of generality, I will concentrate on those techniques which use this theory. These lectures and the notes are meant as an informal and elementary introduction to the material. For complete, rigorous proofs, please see the references.
Very little of the material in this set of lectures is original. I have borrowed heavily from the work and lectures of Harish-Chandra, Roger Howe, Robert Kottwitz, Allen Moy, Gopal Prasad, Paul Sally, Jr., and J.-L. Waldspurger, among others. I thank the organizers of this conference, in particular, Eng-Chye Tan and Chen-Bo Zhu, for inviting me and allowing me to present this series of tutorials.
2. BASICS 2.1. An introduction to the -adics. The usual introductory mathematical analysis course proceeds roughly as follows: The class agrees to agree that the set of natural numbers is very natural and therefore a good place to begin the course. In order to form a group with respect to addition, the additive identity and additive inverses are tossed in to the mix to give us the integers ¢ ¡ ¤ £ ' & % of rational numbers are said to be equivalent with respect to p rovided that ¡ ¦ % ¥ & % is a Cauchy sequence which converges to zero. The set of real numbers is then defined to be the set of equivalence classes of Cauchy sequences with respect to (
, that is, the completion of with respect to . It turns out, however, that the normal absolute value provides just one of an infinite number of incompatible ways to complete the rational numbers 1 , and, from the proper perspective, this completion is a somewhat unnatural object. 
From these examples, it is easy to see that the image of For some people, it is easier to process these definitions when they are presented in the following form. . The following exercise is highly recommended; we have previously considered these statements for the congruence and Iwahori filtrations. Thus, it is enough to understand these filtrations on a facet by facet basis, and it is natural to label the filtrations using facets rather than points. For . In Figure 5 we have PSfrag replacements 
§ -DOMAINS
Recall that the ultimate goal of these notes is to relate certain invariant distributions on § with certain invariant distributions on . Since the distributions in question are invariant, we will need sets in § and which are invariant. Such a set can never be compact, so the most we can hope for is to have sets which are invariant, open, and closed. A set with these properties is called a § -domain. As we show in this section, it is possible to use the Moy-Prasad filtrations to define § -domains which have very nice properties. In particular, we will define a family of § -domains which form a "neighborhood basis" of¨, the set of nilpotent elements.
By using the Cartan decomposition of § 5.3. The basic notation associated to nilpotent orbital integrals. We begin by recalling the familiar parameterization of nilpotent orbits in . We then discuss various properties of nilpotent orbits which will be important in the sequel.
From basic linear algebra we know that the nilpotent orbits in can be parameterized by Originally, Huntsinger and Sally were only interested in studying the behavior of the Fourier transform of a nilpotent orbital integral. We shall temporarily restrict our attention 5 According to Howe, he chose the letter , it was proved for arbitrary depth representations in [9] . Of course, although we still refer to these statements as Howe's conjectures, both are known to be true. Howe's conjecture for the Lie algebra was proved in the 1970s by Howe [16] and later by Harish-Chandra [13] for general groups (but only in the characteristic zero setting). Waldspurger [37] has also given a proof. Howe's conjecture for the group was proved in the 1980s by Clozel [6, 7] in the characteristic zero setting. In the 1990s, a characteristic free proof of Howe's conjecture for the group was given by Barbasch and Moy in their beautiful paper [2] . 8.1. Homogeneity. Beginning with Waldspurger's paper [36], much energy has been spent trying to produce optimal versions of Howe's conjectures. By optimal, we mean that we'd like to choose and in such a way so that we can not only describe the dimension of
, but we can also find a good basis for this space in terms of distributions with which we are very familiar, namely, nilpotent orbital integrals.
These optimal versions of Howe's conjectures are referred to as homogeneity results. This is an appropriate name, because, according to Webster's Ninth New Collegiate Dictionary, the word homogeneity means "the state of having identical distribution functions or values".
We restrict our attention to the Lie algebra. Fix . This is where things begin to become interesting. Thanks to the remarks at the beginning of this section, we only need to verify two statements: 
D ac
We begin by considering the first statement, Equation (6) . We note that 
